Objective: To assess vitamin D status in women and their children aged 4-5 years in Northern Jordan during summer. Design: A cross-sectional study in which 93 mother-child dyads volunteered through local community centers between June and July 2007. Anthropometric measurements were performed and information on socioeconomic status, health issues, lifestyle factors and nutritional intake were obtained from mothers through a questionnaire. Main measures: Serum 25(OH)D and serum parathyroid hormone (PTH) levels were measured. Results: Mean age (s.d.) was 34.0 (6.0) years for mothers and 60.7 (5.4) months for children. Maternal body mass index (BMI) was 29.6 (5.6) kg/m 2 with 77% of women having a BMI X25 kg/m 2 . Mean concentration of serum 25(OH)D was 25.6 (9.6) nmol/l in mothers; only two women (2.2%) had 25(OH)D concentrations o12.5 nmol/l, but 48.9% of women had o25.0 nmol/l, and 97.8% of women had o50 nmol/l. No woman had values above 75 nmol/l. Children had higher (Po0.0001) serum 25(OH)D concentrations than did their mothers with a mean of 55.8 nmol/l. The children also had lower (Po0.0001) mean serum PTH concentrations than did their mothers (1.47 vs 3.12 pmol/l, respectively). Only three children had serum 25(OH)D concentration o25 nmol/l, but 39% (n ¼ 34) had 25(OH)D o50.0 nmol/l. Older women and those with five or more pregnancies had significantly reduced mean serum 25(OH)D concentrations. Children living in families with lower income had significantly higher mean serum 25(OH)D concentration as did children consuming fortified milk compared with those consuming non-fortified milk. Conclusion: Despite the abundant sunlight during summer, vitamin D status is a concern for mothers and children in Jordan.
Introduction
There is a growing body of research suggesting that vitamin D deficiency is widespread among women in the Middle Eastern countries, and although considerable research has been carried out to determine the prevalence of vitamin D deficiency among adolescent females (Moussavi et al., 2005; Olmez et al., 2006; Siddiqui and Kamfar, 2007) , women of childbearing age (Fonseca et al., 1984; Dawodu et al., 1998; Ghannam et al., 1999; Gannage-Yared et al., 2000; Mishal, 2001) , veiled/nonveiled women (El-Sonbaty and AbdulGhaffar, 1996; Alagol et al., 2000; Meddeb et al., 2005; Islam et al., 2006; Allali et al., 2008) , postmenopausal women (Rassouli et al., 2001) and women with osteoporosis (Lips et al., 2006; Basaran et al., 2007) , limited research has been carried out to determine vitamin D status among children in Middle Eastern countries.
A few studies reported inadequate vitamin D status among infants and their mothers in the United Arab Emirates (Dawodu et al., 2001 (Dawodu et al., , 2003 , Turkey (Hatun et al., 2005) , Kuwait (Molla et al., 2005) and Saudi Arabia (Taha et al., 1984) ; infants and preschool children (aged 4-72 months) in Saudi Arabia (Bahijri, 2001) ; and schoolchildren (aged 10-16 years) in Lebanon (El-Hajj Fuleihan et al., 2001) .
With abundant sunlight in the region, one would have assumed that the populations of these countries would be secured from being vitamin D deficient, but research on the vitamin D status of Middle Eastern women has shown the opposite. On an average, 5-10 min of direct sunlight exposure of the arms and legs (half the minimal erythema dose) will produce about 3000 IU of vitamin D 3 (Holick, 2007) ; however, the amount of body surface area that is actually exposed to sunlight depends on the clothing style, use of sunscreen and lifestyle.
To our knowledge, no study has assessed the vitamin D status of both women and their preschool children in the region. This study assessed serum 25(OH)D and parathyroid hormone (PTH) concentrations in women and their children aged 4-5 years in Jordan, and investigated the variables that might influence the vitamin D status in the study population.
Methods
A convenience sample of 93 women and their children aged 4-5 years from urban/suburban areas in Northern Jordan (31 1N) was recruited for the study. Participants were approached by direct contact with the help of local community centers. Exclusion criteria were acute illness or pregnancy in mothers. The study was approved by the Oklahoma State University Institutional Review Board, and an informed written consent was obtained from the mothers. Four university graduate research assistants in Jordan were trained and assisted in taking anthropometric measurements and in the administration of the questionnaire.
Weight (kg) and height (cm) were measured for each mother and child, and middle upper arm circumference (cm) was measured for children. A questionnaire covering health status, demographic characteristics, income (defined as total monthly family income after rent deduction), lifestyle and nutrition of mother and child was administered individually to mothers. The questionnaire was validated by a group of academic experts in research, statistics and dietetics who reviewed the questions to ensure face and content validity. Second, a focus group discussion with local women was carried out and some items of the questionnaire were modified to eliminate ambiguity.
After collection of anthropometric measurements and questionnaire data in the field, participants were transferred to a local clinical laboratory where venous blood samples were drawn from each participant. All samples were taken between June and July 2007. Serum samples were frozen at À20 1C, shipped in dry ice to our laboratories at Oklahoma State University in the USA and stored at À20 1C until analysis. Serum 25(OH)D and intact serum PTH concentrations were measured using enzyme-linked immunosorbent assay kits (IDS, Fountain Hills, AZ, USA).
Body mass index (BMI) was calculated for mothers as body weight (kg)/height (m 2 ). Anthropometric data for children were expressed as z-scores based on the CDC/WHO (Centers for Disease Control/World Health Organization) 1978 reference using Epi Info, version 3.4.3 (Centers for Disease Control, Atlanta, GA, USA). The relationships between serum 25(OH)D and serum PTH concentrations in both mothers and children were evaluated with linear and nonlinear regression models using GraphPad Prism, version 5, (GraphPad Software, La Jolla, CA, USA). Other statistical analyses were conducted using the Statistical Package for the Social Sciences, version15.0 (SPSS Inc, Chicago, IL, USA). Variables were checked for normality, and ln (natural logarithm) transformations were performed for skewed variables that included mothers' serum 25(OH)D and PTH concentrations, and children's PTH concentrations. Means ± s.d. (standard deviations) or percentages were used to express results unless otherwise stated. Analysis of variance was used to compare subgroups of the participants, and a P-value of p0.05 was significant.
Results

Study group characteristics
The characteristics of the participants are summarized in Table 1 . The mean age of the women was 33.9 years and their children (51 boys and 42 girls) had a mean age of 60.7 months. The children's middle upper arm circumference ranged from 14.0 to 19.5 cm; only four children (4.3%) had less than À2 s.d. for weight-for-age (À2z), whereas two children (2.2%) had oÀ2 for the height-for-age z-scores.
Women had high BMIs with a mean of 29.6 kg/m 2 , and 77% of women were overweight with a BMI X25 kg/m 2 . In total, 74 women (79.6%) were married and 17 women (18.3%) were widows; widows had a significantly higher BMI (Po0.05) than did other women (32.5 vs 28.9 kg/m 2 , respectively). The mean number of children per woman was 4.1. A total of 18% of women had completed 8 years or less of school, but most had completed high school. In total, 91% of the participants did not have a job, and the monthly income for each family (gross incomeÀhousing) was equivalent to 325 US$.
The women reported 5.3 sun exposure hours per week, and 70% of women said that they never tended to avoid sun exposure. However, most women (86%) were wearing clothing that showed only their hands and faces, 10 women (10.8%) were wearing full-covering clothing and only three women were wearing western-style dress.
Food consumption patterns of mothers and children
A total of 70% of women and 87% of children reported milk consumption, but the consumption was only 4.1 cups per week for women and 5.6 cups per week for children. In addition, 23% of mothers and 11% of children reported consumption of milk derivatives, such as yogurt and cheese, but not milk ( Table 2 ). The majority of mothers (73.8%) and children (82.7%) who drank milk consumed commercially processed milk, whereas 26.2% of women and 17.3% of children consumed raw (unpasteurized) milk. Most of the commercially processed milk is in powder form and is fortified with vitamin D.
Fish consumption was relatively rare; more than 75% of both mothers and children reported that they never or rarely consumed fish. Approximately half of the women and children had never or rarely consumed liver. None of the children had taken multivitamin supplements. Only seven women reported taking supplements, and their 25(OH)D concentration of 30.4 nmol/l was not significantly different from the 25.2 nmol/l for those women who were not taking multivitamin supplements.
Serum 25(OH)D and PTH concentrations
Serum 25(OH)D, the major circulating metabolite of vitamin D, was used to assess vitamin D status (Lips, 2004; Holick, 2006) . Serum 25(OH)D concentration reflects the total vitamin D from two sources, synthesis from sunlight exposure and dietary intake (Holick, 2006) .
The mean concentration of 25(OH)D was 25.6 nmol/l in women (Table 3) . A total of 45 women (48.9%) had concentrations below 25.0 nmol/l and 90 women (97.8%) had o50 nmol/l. Mothers' mean PTH concentration was 3.12 pmol/l with 27.2% of them having 43.9 pmol/l, the upper range of normal for the analysis.
Children had a higher mean serum 25(OH)D concentrations than did their mothers with a mean concentration of 55.8 nmol/l (Po0.0001) (Figure 1 ). The children also had a lower mean serum PTH concentration (1.47 pmol/l) than did their mothers (Po0.0001). Only three children (3.4%) had serum 25(OH)D o25 nmol/l, and more than 61% (n ¼ 53) had 450.0 nmol/l.
In mothers, the negative relationship between serum 25(OH)D and serum PTH concentrations did not reach significance in the linear regression model (P ¼ 0.086). In the nonlinear regression model, serum PTH did not reach a plateau as all serum 25(OH)D observations were below 80 nmol/l.
In children, the relationship between serum 25(OH)D and PTH concentrations was studied using a linear regression analysis; for a 1 unit increase in serum 25(OH)D concentrations on the ln-scale, serum PTH concentrations on the ln-scale decreased by 0.226 units (Po0.000). In addition to that, a nonlinear regression model was fitted between (Table 4) . Serum 25(OH)D concentration in children was negatively correlated with income (r ¼ À0.230, Po0.05), but this was not so in mothers. Children living in families with income less than $212 per month had a significantly higher mean serum 25(OH)D than did those living in families with income more than $212 per month (61.6 vs 52.6 nmol/l, respectively).
Milk type consumed in relation to serum 25(OH)D and serum PTH concentration
In children, there was a significant difference in serum 25(OH)D and serum PTH concentrations according to the milk type consumed by the children, whereas this difference was not significant among mothers. Children who consumed the unfortified fresh milk had lower (Po0.05) mean serum 25(OH)D (43.0 nmol/l) and higher mean serum PTH (2.0 pmol/l) concentrations compared with those children who consumed fortified milk and had a mean serum 25(OH)D concentration of 56.0 nmol/l and mean serum PTH concentration of 1.4 pmol/l (Table 5 ).
Discussion
The results showed high prevalence of serum 25(OH)D concentration o25.0 and 50.0 nmol/l among women of childbearing age in Jordan during summer. Mean serum 25(OH)D concentrations in mothers were much lower than those of their 4-to 5-year-old children, although 39.1% of children still had 25(OH)D concentrations o50.0 nmol/l. In Jordan, one would assume that the abundant sunlight during summer would be sufficient to produce adequate levels of 25(OH)D among the population. Although 70% of women said that they did not avoid sun exposure, the daily sun exposure hours reported by mothers were o1 h/day. In addition to that, 74% of women (n ¼ 69) reported that they avoided sun exposure during the time from 1100 hours to 1500 hours. The differences in time and frequencies of sun exposure hours between mothers and their children might be a factor explaining the higher mean concentrations of 25(OH)D in children compared to their mothers. More than 50% of children were attending pre-schools and walked home at noon; only eight women were employed outside the home.
Dietary vitamin D sources were limited; more than 75% of mothers and 80% of children reported that they never or rarely consumed fresh fish or sardines, and only 7.5% of mothers took multivitamin supplements. Although 70% of women and 87% of children did consume milk, a considerable percentage of mothers and their children consumed raw unfortified milk. The data illustrate the significant differences in the mean serum 25(OH)D and PTH concentrations between children consuming raw unfortified milk and those consuming fortified milk. The higher 25(OH)D concentrations in young women and in women with less than five pregnancies may be explained by younger women having a more outgoing lifestyle and those with fewer pregnancies being less housebound. A study in Lebanon found that a high degree of parity (X4) negatively affected vitamin D status (Gannage-Yared et al., 2000) .
Several studies in the Middle East and North Africa found a significant impact of dressing style on serum 25(OH)D status among women (El-Sonbaty and Abdul-Ghaffar, 1996; Dawodu et al., 1998; Alagol et al., 2000; Gannage-Yared et al., 2000; Meddeb et al., 2005; Allali et al., 2008) , but in some studies dressing was not significant factor (Mishal, 2001; Islam et al., 2006) . In our study, 86% of the women wore clothing that covered the whole body except for the hands and face, and only 3% wore western clothing, so a clothing style comparison could not be made statistically.
Mothers had high BMI value, which perhaps could be explained by their sedentary lifestyle and high number of pregnancies (42% of women had five or more pregnancies). Although the literature suggests that obesity is related to low serum 25(OH)D concentrations among individuals (Liel et al., 1988; Need et al., 1993; Holick, 2003; Parikh et al., 2004) , and percentage body fat is inversely proportional to serum 25(OH)D concentrations in healthy women (Arunabh et al., 2003) , owing to the decrease in bioavailability of vitamin D with obesity (Wortsman et al., 2000) , in this study, BMI had no significant impact on mean serum 25(OH)D concentration among women.
In this study, children living in families with lower income had higher mean serum 25(OH)D concentration. Perhaps this may be explained partially by these children spending more of their day outdoors because of the poor housing environment, which supports the important role of sun exposure for vitamin D status.
The fact that children had higher mean serum 25(OH)D concentrations than their mothers should not mask the fact that these children still had low concentrations of serum 25(OH)D, especially as the study was conducted in the middle of summer. There is, as yet, no consensus on what would be normal 25(OH)D values for children. However, a very recent study by Looker et al. (2008) reported on US NHANES data. The sample included 895 children aged 1-5 years, and mean ± s.e.m. was 76.43 ± 1.58 nmol/l. In our study, the relationship between serum 25(OH)D and serum PTH concentrations in children showed that PTH started to increase at 25(OH)D concentrations lower than 69.9 nmol/l; on the basis of this value, almost 78.5% of children may have had inadequate vitamin D status. Children in our study had a mean serum 25(OH)D concentration of 55.8 nmol/l during summer that was lower than that reported for preschool children of similar age (4.8 years) in Greece during the fall (Nicolaidou et al., 2006) , where the immigrant children from Eastern Europe had a mean 25(OH)D concentration of 69.7 nmol/l and the Greek children had a mean 25(OH)D of 83.8 nmol/l.
To our knowledge, this was the first study to assess 25(OH)D concentration in mothers of childbearing age and their children aged 4-5 years in the region. The study was conducted during summer, and values of 25(OH)D are expected to be even lower during winter on the basis of the literature (Chapuy et al., 1996; Goswami et al., 2000; Pal et al., 2003; Pasco et al., 2004) . Natural foods rich in vitamin D are not commonly consumed by the larger population, and there are no governmental regulations that (Maalouf et al., 2007) , but there remain no guidelines for younger women and for children. Despite the abundant sunlight during summer, the vitamin D status is a concern for young mothers and children in Jordan. Nutrition education programs should be implemented to inform women about the consumption of vitamin Dfortified milk products as well as the importance of sufficient exposure to sunlight to attain optimal vitamin D status for themselves and their children. There is a need to assess vitamin D status at the national level so that strategies for vitamin D fortification and supplementation are developed and implemented.
